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(19  cont . ) ^/^polyprotel n ,  produced  in  a  baculovirus  vector^  Vaccination 
studT?S"nrt1^n  these  recombinants  in  rhesus  monkeys  are  in  progress:  to  date  we 
detected  cytolytic  activity  in  all  animals  given  these  NSl  (but  not  E) 
constructs.  In  collaboration  with  Ors.  Robert  Putnak  (WRAIR,  Washington, 
D.C.)  and  Mark  Cochran  (MicroGeneSys ,  West  Haven,  CN)  we  characterized  the 
immune  response  in  rabbits  to  recombinant  DEN  2  NSl  produced  by  similar 
methods  in  a  baculovirus  vector.  Results  showed  a  relatively  sluggish  low 
titered  antibody  response  compared  to  that  achieved  by  vaccination  with 
authentic  NSl.  Moreover,  unlike  results  with  Lai's  DEN  4  NSl  recombinants, 
no  cytolytic  or  complement-fixing  activity  resulted  from  immunization  with 
the  MicroGeneSys  NSl  material.  The  immune  response  to  reduced  and  alkylated 
authentic  DEN  2  NSl  was  also  examined  in  order  to  get  some  idea  of  the  extent 
of  denaturation,  e.g.,  conformational  change,  that  would  still  allow  genera¬ 
tion  of  a  cytolytic  (and  therefore  presumably  protective)  immune  response  - 
we  showed  that  all  twelve  cysteine  residues  of  NSl  are  involved  in  intramole¬ 
cular  bonding.  Sera  against  reduced/alkylated  NSl  exhibited  marginal  CF 
activity  but  no  cytolytic  activity.  Difficulties  inherent  in  the  isolation 
and  purification  of  adequate  amounts  of  cell  culture-derived  authentic  NSl 
encourage  us  to  pursue  the  recombinant  approach  as  a  resource  for  flaviviral 
NSl.  It  is  hoped  that  such  material  will  be  forthcoming  from  work  in  pro¬ 
gress  in  the  laboratories  of  Drs.  Putnak  (YF,  DEN  2),  Henchal  (DEN  3)  and  Lai 
(DEN  4). 

'Cumulative  data  from  assays  which  measure  the  capacity  of  anti-NSl  mono¬ 
clonal  antibodies  (Mab)  to  sensitize  cells  to  complement-mediated  lysis  sug¬ 
gests  a  correlation  between  such  activity  and  Mab  protective  capacity.  Re¬ 
sults  of  NSl  epitope  mapping  experiments  using  biotinylated  anti-YF  N^l  Mab 
and  rabbit  antisera  produced  against  authentic  and  recombinant  17D  YF/NSl 
(the  latter  prepared  by  Dr.  Charles  Rice)  suggest  that  complement-mediated 
lysis  is  subserved  by  selected  NSl  domains  and  that  the  capacity  of  an  anti¬ 
body  to  sensitize  YF  infected  cells  to  complement-mediated  lysis  depends  on 
both  its  isotype  and  epitope  specificity. 

Attempts  to  identify  NSl  protective  epitopes  after  chemical  fragmenta¬ 
tion  or  enzymatic  digestion  have  met  with  little  success.  YF  NSl  fragments 
produced  by  cyanogen  bromide  or  N-Chlorosuccinimi de  fragmentation  failed  to 
react  with  anti-NSl  Mab  by  immunopreci pi tati on  or  Western  blot  assay.  How¬ 
ever,  several  partial  tryptic  peptides  of  DEN  2  NSl  separated  by  HPLC  ap¬ 
peared  to  react  with  two  monoclonal  antibodies,  one  of  which  is  protective. 
Unavoidably  high  peptide  loss  during  collection  will  require  substantially 
more  NSl  protein  than  available  from  current  sources  to  pursue  this  approach. 
It  is  hoped  that  the  future  availability  of  recombinant  NSl  will  provide  the 
necessary  material.  Using  a  commercially  available  kit  (PEPSCAN,  Cambridge 
Research  Biochemical  s^-G^nTbridge,  UK),  we  synthesized  all  404  possible  over¬ 
lapping  hexapeptideS  of  170  YF  NSl  as  well  as  a  98  amino  acid  segment  of  DEN 
2  NSl,  showa  by  R.  Putnak  to  be  Mab- reacti ve.  Screening  of  these  hexapep- 
tides  with  all  available  anti-YF  or  DEN  2  NSl  Mab  failed  to  identify  any 
reactive  hexapeptides .  Taken  together,  the  data  may  suggest  that  protective 
epitopes  of  NSl  are  discontinuous  and  conformational ly  dependent. 

'immune  recognition  of  viral  antigen  on  the  surface  of  infected  cells  may 
provide  a  mechanism  of  host  defense  and  recovery  in  flavi virus  infection.  We 
used  Mab  and  monospecific  polyclonal  sera  against  YF  NSl  and  virion  envelope 
protein  (E)  as  probes  to  detect  these  antigens  on  the  surface  of  YF-infected 


(19  cont).  mouse  neuroblastoma  (Neuro  2a}  and  human  adenocarcinoma  (SW13). 
Surface  NSl  and  E  were  detected  on  these  cells  by  radiobinding  and  Immuno- 
fluorescent  assays.  Of  great  Interest  Is  the  observation  that  monospecific 
rabbit  anti-NSl  serum,  but  not  monospecific  rabbit  antl-E  serum  or  anti-E 
Mab,  sensitized  YF-infected  Neuro  2a  and  SW13  cells  to  complement-mediated 
lysis.  Productive  17D  YF  infection  was  reduced  up  to  1000-fold  in  synchro¬ 
nously  infected  Neuro  2a  maintained  in  medium  containing  an  IgG^  antl-YF  NSl 
Mab  (1A5)  or  monospecific  rabbit  anti-NSl  serum  in  the  presence,  but  not  ab¬ 
sence,  of  complement.  That  some  anti-NSl  Mab  interfere  with  the  in  vitro 
cytolytic  activity  of  protective  anti-NSl  Mab  raises  the  possibility  of  unde¬ 
sirable  antigen  modulation.  This  will  be  tested  by  Mab  mixing  experiments 
in  the  passive  immunization  YF  mouse  challenge  model.  These  results  suggest 
a  mechanism  of  protection  against  fiavivirus  infection  in  addition  to  that 
provided  by  direct  virus  neutralization. 

In  anticipation  of  studies  to  test  the  protective  capacity  of  a  mixed 
NSl/E  subunit  preparation  in  mice,  we  purified  17D  YF  E  by  immunoaff 1 n1 ty 
chromatography,  using  a  f 1  a v1 group-reacti ve  Mab  as  ligand.  Purified  material 
was  Identified  as  a  33  Kd  protein.  Rabbits  Immunized  with  E33  produced  neu¬ 
tralizing  antibody  to  170  YF  and  DEN  2  in  high  titer  and  mice  Immunized  with 
this  protein  were  protected  against  lethal  YF  challenge. 

Future  efforts  will  focus  on  the  mechanisms  of  antibody  recognition  of 
plasma  membrane  NSl  and  complement  activation.  Isolation  and  characteriza¬ 
tion  by  sequencing,  virulence  testing,  etc.,  of  YF  escape  variants  resistant 
to  protective  anti-NSl  antibody  may  provide  important  Information  in  this  re¬ 
gard.  Similarly,  the  observation  that  some  anti-NSl  Mab  Interfere  with  the 
lytic  activity  of  protective  anti-NSl  antibody  by  means  other  than  competi¬ 
tive  binding  will  be  explored  further. 

Adequate  amounts  of  authentic  DEN  2  NSl  have  been  accumulated  for  chal¬ 
lenge  studies  in  rhesus  monkeys  in  collaboration  with  Or.  Bruce  Innis 
(AFRIMS).  It  Is  hoped  that  satisfactory  recombinant  DEN  2  NSl  will  soon  be 
available  for  parallel  study. 
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INTRODUCTION 


We  have  shown  that  passive  transfer  of  monoclonal  ant1> 
bodies  against  the  yellow  fever  and  dengue  virus  nonstruc- 
tural  protein  NSl  protects  mice  against  lethal  challenge 
with  the  respective  viruses.  Active  Immunization  with 
purified  NSl  conferred  protection  against  lethal  infection 
In  rhesus  monkeys  (yellow  fever)  and  mice  (dengue  encepha¬ 
litis).  Most  recently,  protective  Immunization  of  mice  with 
recombinant  yellow  fever  or  dengue  virus  NSl  has  been 
demonstrated  by  others. 

Evidence  of  a  protective  Inune  response  to  flavivirus 
protein  NSl.  Overview. 

We  have  presented  evidence  of  protection  in  experimen¬ 
tal  animals  against  lethal  YF  and  DEN  2  Infection  by  passive 
transfer  of  monoclonal  antibodies  (Mab)  against  the  flavi¬ 
virus  nonstructural  protein  NSl  and  by  active  Immunization 
with  NSl  isolated  from  YF  or  DEN  2-1nfected  cells  (1,2,3). 
Although  the  mechanisms  of  such  protection  is  presently 
unclear,  cumulative  data  from  our  laboratory  suggests  a 
correlation  between  protection  and  the  capacity  of  antl-NSl 
antibody  to  sensitize  f 1 avi v1 rus- 1 nf ected  cells  to 
complement-mediated  cytolysis.  These  results  have  now  been 
confirmed  and  extended.  Gould  and  coworkers  demonstrated 
the  protective  capacity  of  antl-NSl  YF  Mab  (4)  and  Henchal 
and  coworkers  (5)  obtained  similar  results  with  a  panel  of 
antl-DEN  2  NSl  Mab.  Most  recently.  Cane  and  Gould  (6) 
showed  that  mice  Immunized  with  a  YF  NSl  recombinant  ex¬ 
pressed  In  E.  coll  as  a  gal actosi dase  fusion  protein  were 
partially  protected  against  lethal  challenge  with  the  virus 
and  C.J.  Lai's  group  (NIH)  has  prepared  Immunogenic  baculo- 
vlrus  recombinants  expressing  DEN  4  gene  segments  encoding 
C-prM-E-NSl-ns2a  as  well  as  E  and  NSl  Individually  (7). 

Mice  Immunized  with  each  of  these  constructs  were  completely 
protected  against  lethal  Intracerebral  challenge  with  DEN  4 
(7,  C.J.  Lai,  personal  communication).  In  anticipation  of 
challenge  studies,  monkeys  have  been  vaccinated  with  these 
constructs  and  preliminary  assays  In  our  laboratory  show 
cytolytic  activity  In  sera  from  animals  Immunized  with  the 
NSl  constructs  (see  below).  Taken  together,  the  NSl  data 
provide  evidence  of  an  alternative  to  direct  viral  neutral¬ 
ization  In  the  protective  Immune  response  against  flavi¬ 
virus  Infection. 
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Characterization  of  Monoclonal  antl-NSl  Mab. 


Table  1  summarizes  relevant  characteristics  of  avail¬ 
able  anti-YF  and  DEN  2  NSl  Mab  produced  in  our  laboratory  or 
in  those  of  our  collaborators.  More  detailed  descriptions 
of  these  antibodies  have  been  published  or  are  in  press 
(1.4.5). 

Identification  of  protective  NSl  epitopes. 

A.  Role  of  complement-mediated  lysis  in  the  protective 
immune  response  to  NSl. 

Cumulative  data  obtained  in  the  course  of  the  present 
study  strongly  suggest  a  correlation  between  the  protective 
capacity  of  anti-NSl  Mab  and  their  capacity  to  sensitize 
cells  to  complement-mediated  lysis.  Figures  1  and  2  compare 
lytic  activities  (in  Neuro  2a  or  SW13  cells,  respectively), 
and  protective  capacities  among  available  anti-YF  NSl  Mab. 

In  general,  at  least  three  categories  of  anti-NSl  Mab  acti¬ 
vity  emerge  from  these  assay  results:  lytic  protective,  non- 
lytic  protective,  and  non-lytic  non-protecti ve .  That  some 
non-lytic  anti-NSl  Mab  are  protective  (Gould's  Mab  492,  863, 
925,  428,  and  Henchal's  IgGl  Mab)  suggests  that  other  mecha¬ 
nisms  of  antibody-dependent  immunity  may  be  operating. 

Among  these,  antibody-dependent  cell-mediated  cytotoxicity 
(ADCC)  would  be  expected  but,  to  date,  we  have  been  unable 
to  demonstrate  ADCC  using  these  antibodies  in  assays  employ¬ 
ing  primary  mouse  macrophages  or  a  continuous  mouse  macro¬ 
phage  cell  line  (P388D,)  as  effectors  and  YF  or  DEN-infected 
Neuro  2a  or  SW13  cells^as  targets. 

The  capacity  of  anti-NSl  antibody  to  sensitize 
f 1  a vi vi rus- i nfected  cells  to  complement-mediated  lysis  indi¬ 
cates  that  this  protein  is  expressed  on  the  cell  surface 
(discussed  further  below).  As  such,  recognition  by  effector 
arms  of  the  cellular  immune  response,  e.g.,  cytotoxic  T 
cells  (Tc),  might  be  expected.  Recent  reports  of  H-2 
restricted  T  cell  killing  of  flavivirus  infected  targets 
are  supportive  in  this  regard,  although  antigen  specificity 
of  the  Tc  cells  was  not  determined  (8)  and  only  T  helper 
cells  were  reported  after  T  cell  cloning  (9). 

B.  NSl  epitope  mapping. 

It  is  presently  unclear  whether  complement-mediated 
cytolytic  activity  is  subserved  by  specific  NSl  domains  or 
whether  such  activity  is  simply  determined  by  an  anti-NSl 
antibody's  complement-fixing  capacity  without  regard  to  the 
NSl  domain  recognized.  Preliminary  data  from  our  laboratory 
is  inconclusive.  Results  of  competitive  binding  assays  em¬ 
ploying  biotinylated  anti-YF  NSl  Mab  are  shown  in  Table  2. 
This  assay  measures  the  capacity  of  protective  and  nonpro- 
tective  anti-YF  NSl  Mab  to  block  binding  of  bi oti n- 1 abel ed 
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complement-fixing,  protective  anti-NSl  Mab.  Binding  avidi¬ 
ties  among  this  panel  of  Mab  were  quite  similar  (data  not 
shown).  Although  the  assay  was  limited  by  denaturation  of 
the  majority  of  the  Mab  after  biotinylation,  a  number  of 
conclusions  are  suggested  by  these  data: 


1)  At  least  2  separate  epitopes  are  recognized  by 
protective  cytolytic  Mab;  2)  a  number  of  nonprotecti ve  Mab 
{4E3,  2G2)  recognize  a  potentially  "protective"  site(s);  3) 
two  protective  antibodies  (428,  925)  which  are  not  lytic, 
e.g.,  complement-mediated,  appear  to  define  an  epitope  dis¬ 
tant  from  at  least  one  which  subserves  complement-mediated 
lysis;  4)  two  antibodies  (428,  492)  of  an  isotype  (IgGp,) 
expected  to  fix  complement  do  not  compete  with  the  cytofytic 
Mab  and  are  not  cytolytic.  Of  interest  in  regard  to  the 
last  is  failure  of  rabbit  serum  prepared  against  recombi nant 
YF  NSl  (provided  by  Or.  Charles  Rice)  to  sensitize  cells  to 
complement-  mediated  lysis  or  interfere  with  binding  to  NSl 
of  biotinylated  cytolytic  protective  Mab  above  (1A5,  8G4, 
423,  871).  The  recombinant  YF  NSl  was  constructed  as  a  Tryp 
E  fusion  protein  and  differs  from  authentic  NSl  by  deletion 
of  the  first  91  amino  acids  from  the  NSl  amino  terminus.  In 
contrast,  rabbit  serum  that  we  prepared  to  authentic  YF  NSl 
was  cytolytic  and  competed  with  the  protective  lytic  Mab 
(Figure  3)..  Both  rabbit  anti-YF  NSl  sera  bind  to  authentic 
NSl  (the  anti-recombinant  NSl  less  so.  Figure  4),  immunopre- 
cipitate  NSl,  and  stain  YF-infected  SW13  and  Vero  cells  in 
an  indirect  immunof 1 uorescent  assay.  Taken  together,  these 
results  are  consistent  with  the  view  that  complement- 
mediated  lysis  is  subserved  by  selected  NSl  domains  and  that 
the  capacity  of  an  antibody  to  sensitize  YF-infected  cells 
to  complement-  mediated  lysis  depends  both  on  its  isotype 
and  specificity.  It  is  tempting  to  speculate  that  the 
cytolytic  domain(s)  are  located  at  the  NSl  amino  terminus, 
but  masking  of  other  NSl  regions  by  the  Tryp  E  fusion 
protein  could  also  account  for  the  results. 


C.  Peptide  mapping. 

Our  approach  to  identification  of  NSl  immunoreacti ve 
domains  has  largely  assumed  that  at  least  some  are  repre¬ 
sented  by  continuous  epitopes  or  that,  if  discontinuous, 
such  regions  are  close  enough  to  each  other  to  allow 
preservation  of  antibody  recognition  after  fragmentation  of 
the  complete  protein.  Methods  used  for  fragmentation  are 
completely  empirical  and  have  included  chemical  cleavage 
with  cyanogen  bromide  (CnBr,  methionyl  peptide)  and  N- 
chl orosucci nimi de  (NCS),  tryptophanyl  peptide)  or  enzymatic 
digestion  with  trypsin  (lysinyl,  argininyl  peptide)  (10,11, 
12).  NSl  for  this  purpose  was  purified  by  immunoaf f ini ty 
chromatography  by  methods  reported  earlier  from  our  labor¬ 
atory  (1-3).  Initially,  immunoaf fi ni ty-puri fied  radioio- 
dinated  YF  and  DEN  2  NSl  were  subjected  to  CnBr  fragmenta¬ 
tion  followed  by  immunopreci pi tati on  with  representative 
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anti-NSl  Mab  or  monospecific  antisera.  None  of  the  frag¬ 
ments  generated  were  precipitated.  The  method  was  modified 
by  exposing  NSl-contai ni ng  acrylamide  gel  slices  to  CnBr 
vapors  (10)  in  an  effort  to  minimize  formic  acid-induced 
denaturation.  The  resulting  fragments  were  electro-eluted 
into  SDS-acryl ami de  gels  followed  by  transfer  to  nitrocel¬ 
lulose  paper  and  immunobl otti ng .  Again,  no  reactivity  was 
detected  with  any  of  the  available  monoclonal  or  monospeci¬ 
fic  anti-NSl  probes.  More  recently  we  have  found  markedly 
heightened  sensitivity  of  detection  of  intact  NSl  using 
polyvinyl idene  difluoride  membranes  (Immobilon,  Millipore) 
in  Western  blots,  but  use  of  this  support  also  failed  to 
detect  NSl  fragments  (CnBr,  NCS,  tryptic)  reactive  with  any 
of  the  available  anti-NSl  antibodies. 

In  parallel  experiments,  we  have  purified  DEN  2  NSl  by 
reverse-phase  HPLC  (Figure  5)  and  generated  reproducible 
tryptic  peptide  maps.  Several  peptides  appeared  to  react 
with  two  anti-NSl  Mab,  one  of  which  is  protective  (Figure 
6).  However,  these  results  were  inconsistent  probably  due 
in  large  measure  to  the  small  amounts  of  available  NSl  and 
the  marginal  sensitivity  of  the  immunoassays  at  the  NSl 
concentrations  used.  Additionally,  protein  retrieval  from 
collection  tubes  after  acetonitrile  evaporation  was  compli¬ 
cated  by  substantial  and  apparently  irreversible  binding  to 
the  plastic  or  glass  surface  leading  to  substantial  loss. 
This  problem  has  been  commented  upon  by  others  and  repre¬ 
sents  an  example  of  the  highly  empirical  nature  of  this 
methodology  (14). 

The  approach  of  Geysen  et  al .  (15)  was  used  to  systema¬ 
tically  synthesize  all  possible  short  (hexa-)  peptides  of  YF 
as  well  as  part  of  DEN  2  using  sequences  provided  by  Drs. 
Charles  Rice,  Vincent  Oeubel,  and  Robert  Putnak.  This 
computer-assisted  method  allowed  rapid  concurrent  synthesis 
and  immunoassay  (ELISA)  of  all  404  possible  overlapping 
hexapeptides  covering  the  total  409  amino  acid  sequence  of 
17D  YF  NSl.  Results  were  disappointing:  screening  of  YF  NSl 
hexapeptides  with  each  available  anti-YF  Mab  or  monospecific 
rabbit  and  monkey  (2)  anti-YF  NSl  sera  failed  to  demonstrate 
a  single  convincingly  positive  peptide  on  multiple  tests. 
Similarly,  no  reactivity  with  any  DEN  2  NSl  Mab  was  detected 
against  amino  acid  residues  261-359  of  DEN  NSl  shown  by  R. 
Putnak  to  be  reactive  with  several  Mab  as  well  as  monospeci¬ 
fic  rabbit  anti-NSl  sera  in  a  Western  blot  analysis  of 
recombinant  NSl  produced  in  E.  Coli.  Correct  synthesis  of 
control  peptides  included  in  the  "PEPSCAN"  kits  suggests 
that  our  failure  to  detect  reactive  NSl  peptides  was  not  the 
result  of  error  in  synthesis.  We  conclude  that  possible 
continuous  NSl  epitopes  recognized  by  these  antibodies  are 
likely  to  be  larger  than  6-mers.  The  expense  and  uncertain¬ 
ty  of  this  approach  led  us  to  abandon  it.  Dr.  Lew  Markoff 
(NIH)  is  presently  studying  overlapping  15-20  mers  of  DEN  4 
NSl  for  immunoreacti vi ty  (personal  communication)  and  his 
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results  are  awaited  with  great  interest.  However,  taken 
together  our  results  strongly  suggest  that  the  available 
protective  YF  and  DEN  2  NSl  Mab  are  directed  at  discontinu¬ 
ous  and  probably  conformational ly  determined  epitopes  (see 
bel ow) . 

D.  Immunoreacti vi ty/immunogeni ci ty  of  recombinant  DEN 
2  and  4  NSl. 

A  problem  central  to  the  NSl  fragmentation  work  has 
been  our  inability  to  isolate  NSl  in  large  enough  quantity. 
Recombinant  DEN  2  NSl  (New  Guinea  C)  prepared  in  a  baculo- 
virus  vector  by  MicroGeneSys  (West  Haven,  CN)  and  partially 
purified  by  them  was  made  available  to  us  for  further 
characterization.  It  was  hoped  that  this  material  would 
resolve  the  NSl  supply  problem.  In  preliminary  experiments 
we  compared  the  anti-NSl  immune  responses  among  rabbits 
immunized  with  recombinant  and  authentic  DEN  2  NSl.  Addi¬ 
tionally,  the  immune  response  to  reduced  and  alkylated 
authentic  DEN  2  NSl  was  examined  in  order  to  get  some  idea 
of  the  extent  of  denaturation,  e.g.,  conformational  change, 
that  would  still  allow  generation  of  a  cytolytic  (and  there¬ 
fore  presumably  protective)  immune  response:  all  (twelve) 
cysteine  residues  are  involved  in  intramolecular  bonding 
(Figure  7).  Figure  8  shows  the  antibody  response  against 
authentic  NSl  among  rabbits  immunized  with  either  authentic 
or  recombinant  NSl  or  reduced  and  alkylated  authentic  NSl. 
Antibody  titers  were  measured  in  an  ELISA  incorporating 
affinity-purified  authentic  DEN  2  NSl  in  the  solid  phase.  A 
brisk  antibody  response  was  seen  among  rabbits  immunized 
with  native  or  denatured  authentic  NSl.  However,  the  re¬ 
sponse  was  delayed  and  of  low  titer  among  rabbits  immunized 
with  the  MicroGeneSys  recombinant  material.  When  these  sera 
were  tested  in  parallel  against  recombi nant  NSl  (Figure  9), 
similar  high  titers  developed  in  rabbits  Immunized  with 
authentic  NSl  and  to  a  lesser  degree  after  immunization  with 
reduced  and  alkylated  NSl.  One  rabbit  immunized  with  recom¬ 
binant  NSl  developed  substantial  titers  by  8  weeks,  whereas 
titers  in  the  other  remained  on  the  low  side.  These  results 
are  reflected  by  Western  blot  analysis  shown  in  Figures  10 
and  11.  The  figures  show  blot  results  at  the  time  of  the 
first  and  second  boost  and  last  bleed  at  3,6,  and  8  weeks 
post-prime,  respectively.  Rabbits  immunized  with  authentic 
NSl  generated  strong  specific  antibody  responses  to  the  46 
and  44  Kd  moieties  of  NSl,  as  did  the  rabbit  immunized  with 
reduced  and  alkylated  NSl.  Only  weak  responsiveness  was 
seen  by  8  weeks  in  the  two  rabbits  immunized  with  the  recom¬ 
binant  NSl  preparation.  Similarly,  sera  from  rabbits  immu¬ 
nized  with  authentic  NSl  developed  antibody  against  recombi¬ 
nant  NSl,  as  shown  by  Western  blots  in  Figure  11.  Of  note 
is  the  somewhat  higher  molecular  weight  of  recombinant  NSl 
(ca.  52-55  Kd)  and  its  appearance  as  a  triplet  which  prob¬ 
ably  reflects  gl yco syl ati on  differences.  A  consistent  posi¬ 
tive  blotting  "smudge"  appears  at  the  top  of  the  recombinant 
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NSl  strips,  which  we  believe  reflects  polymerization  of  the 
recombinant  protein.  This  is  a  consistent  finding  in  our 
hands.  Mab  prepared  to  authentic  DEN  NSl  did  not  react  with 
the  recombinant  protein  in  this  assay.  Of  potential  impor¬ 
tance  is  the  fact  that  cytolytic  antibody  developed  only  in 
rabbits  immunized  with  authentic  NSl:  sera  from  rabbits  im¬ 
munized  with  reduced  and  alkylated  authentic  NSl  or  recom¬ 
binant  NSl  were  not  lytic.  Similarly,  substantial 
complement-fixing  activity  was  present  only  in  sera  from 
authentic  NSl-immune  rabbits  (Table  3).  These  results, 
though  preliminary,  are  somewhat  disappointing,  if  the  pro¬ 
position  that  cytolytic  activity  correlates  with  protective 
capacity  is  correct:  critical  changes  in  the  conformation  of 
candidate  small  NSl  peptide  vaccines  may  be  required  if  the 
immune  response  to  them  is  to  be  protective. 

Preliminary  results  with  sera  from  rabbits  and  monkeys 
immunized  with  DEN  4  baculovirus  recombinants  from  C.J. 

Lai's  laboratory  have  been  more  encouraging.  Both  rabbit 
and  monkey  sera  against  DEN  4  constructs  consisting  of  NSl 
alone,  or  as  part  of  a  C — >NS1  polyprotein,  sensitized  DEN 
4-infected  cells  to  C'-mediated  cytolysis  (Table  4)  and 
these  constructs  (as  well  as  that  of  E)  protected  mice 
against  lethal  challenge  (C.J.  Lai,  personal  communication). 
Results  of  DEN  4  challenge  among  monkeys  immunized  with 
these  recombinants  should  be  available  shortly. 

Cell  surface  expression  of  NSl. 


Current  knowledge  of  flavivirus  maturation  and  release 
suggests  that  exit  of  these  viruses  from  infected  cells  is 
largely  by  exocytosis  of  virion-containing  vesicles  (16), 
although  evidence  of  budding  from  the  plasma  membrane  has 
also  been  presented  (17).  That  anti-YF  NSl  Mab  sensitize 
YF-infected  cells  to  complement-mediated  lysis  provides 
strong  evidence  that  NSl  is  cell  membrane  associated.  Table 
5  examines  the  cytolytic  activities  of  monospecific  rabbit 
sera  prepared  to  YF  NSl  and  E  using  YF-infected  Neuro  2a  and 
SW13  target  cells.  Rabbit  sera  against  the  respective  unin¬ 
fected  cells  served  as  positive  controls.  Anti-NSl,  but  not 
anti-E,  serum  was  cytolytic  as  were  the  respective  controls. 
These  data,  along  with  our  failure  to  demonstrate  cytolytic 
activity  among  11  anti-YF  E  Mab  (9/11  are  ^9^2a/2b^ 
gested  the  absence  of  detectable  plasma  membrane'^E.  How¬ 
ever,  in  direct  biding  assays  employing  radi oi odi nated  anti- 
NSl  or  E  Mab  and  in  indirect  binding  assays  with  radioiodi- 
nated  Staph,  protein  A  and  monospecific  rabbit  antibody 
against  NSl  or  E,  both  proteins  were  detected  on  the  sur¬ 
face  of  Neuro  2a  and  SW13  cells  (Table  6).  These  results 


are  consistent  with  speculation  that  NSl  is  an  integral 
plasma  membrane  protein,  whereas  E  is  recognized  in  the  form 
of  released  virion  which  accumulates  on  the  cell  surface 
remaining  loosely  bound.  Washed  infected  cells  held  at  4°C 
bound  substantially  less  anti-E  antibody. 
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The  effect  of  anti-NSl  antibody  (1A5)  and  complement  on 
the  replication  of  17D  YF  in  Neuro  2a  cells  was  examined  as 
well  (Figure  12).  Peak  titers  of  virus  were  reached  by  48 
hours  at  which  time  there  was  a  greater  than  100-fold  reduc¬ 
tion  in  titrable  virus  from  cells  treated  with  antibody  1A5 
and  complement.  At  48  hours  post  infection  no  CPE  was  seen 
under  any  treatment  condition,  and  fewer  than  5%  of  cells 
treated  with  1A5  and  complement  were  IFA-posi ti ve,  whereas 
50-75%  of  cells  treated  with  antibody  and  inactivated  com¬ 
plement  or  myeloma  controls  were  IFA-posi ti ve .  Monolayers 
treated  with  antibody  1A5  and  active  complement  were  intact 
with  minimal  CPE  at  70  hours  post  Infection  at  which  time 
CPE  was  complete  under  all  other  conditions.  In  parallel 
assays,  non-complement-fixing  anti-NSl  antibodies  had  no 
effect  on  virus  production  in  the  presence  or  absence  of 
complement.  Table  7  summarizes  results  with  anti-NSl  Mab 
and  monospecific  rabbit  serum  in  both  Neuro  2a  and  SU13 
cells.  In  collaboration  with  Or.  Robert  Putnak  (WRAIR)  we 
will  attempt  to  isolate  and  characterize  conditional  170  YF 
mutants  selected  by  growth  in  Neuro  2a  and  SU  cells  under 
complement  and  antibody  pressure.  NSl  sequencing  of  such 
mutants  could  provide  important  information  about  sites 
critical  to  complement-mediated  cytolysis  and,  presumably, 
regions  of  NSl  that  subserve  protection. 

To  our  surprise,  we  have  found  that  selected  non-lytic 
anti-NSl  Mab  can  substantially  interfere  or  completely 
abrogate  the  cytolytic  activity  of  protective  anti-NSl  Mab. 
In  some  instances  this  is  the  case  even  though  the  inter¬ 
fering  antibody  shows  no  evidence  of  competition  with  the 
protective  antibody  for  binding  to  purified  NSl  or  to  live 
infected  cells.  Figure  13  shows  representative  results  of 
an  experiment  comparing  the  lytic  activity  of  protective 
anti-YF  NSl  antibody  1A5  (serially  diluted)  in  the  presence 
of  a  single  low  dilution  of  control  myeloma  protein  PC5  or 
non-protecti ve  non-cytolytic  anti-YF  Mab  (2D10).  In  separ¬ 
ate  assays  we  determined  that  these  interfering  anti-NSl 
Mab  were  not  anti -compl ementary,  since  they  had  no  effect  on 
the  lytic  activity  of  rabbit  serum  raised  against  the  SW 
cell  membrane  itself.  That  interfering  antibodies  also 
reduced  the  lytic  activity  of  monospecific  rabbit  serum  to 
NSl  is  consistent  with  the  idea  that  their  effect  may  result 
from  cross-linking  and  capping  of  plasma  membrane  NSl  with 
subsequent  loss  of  this  antigen  from  the  cell  surface.  The 
in  vivo  significance  of  this  observation  demands  further 
study  and  will  be  addressed  in  future  experiments. 

Preliminary  Immunogenic  characterization  of  17D  YF  envelope 
protein  E. 

In  anticipation  of  studies  to  test  the  protective  ef¬ 
fect  of  immunization  with  NSl/E  subunit  mixtures  in  mice,  we 
purified  17D  YF  E  from  lysates  of  infected  Vero  cells  by 
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Immunoaf f1n1 ty  chromatography  using  a  f 1 avi group-reacti ve 
Mab  as  the  ligand.  Purified  material  could  not  be  Identi¬ 
fied  as  Intact  E  but  bore  antigenic  determinants  of  E  as 
defined  by  selective  reactivity  with  antl-E  monoclonal  anti¬ 
bodies.  The  reactivity  correlated  with  a  33  Kd  band,  the 
predominant  component  on  polyacrylamide  gel  electrophore¬ 
sis.  Rabbits  hyper1mmunl2ed  with  E33  produced  neutralizing 
antibody  to  YF  In  titers  similar  to  those  obtained  with  a 
single  dose  of  17D  YF  vaccine  (Table  8).  The  rabbit  anti¬ 
sera  had  a  high  degree  of  cross-neutralizing  activity 
against  DEN  2,  whereas  the  human  antisera,  as  expected, 
failed  to  neutralize  dengue.  Rabbits  Immunized  with  high 
dose  live  17D  YF  produced  higher  titers  of  neutralizing 
antibody  to  17D  YF,  but  cross-neutralizing  activity  against 
dengue  was  lower  than  that  seen  In  rabbits  Immunized  with 
E33.  This  E  protein  fragment,  then,  appears  to  express  a 
group-reactive  determinant,  suggesting  the  possibility  of 
heterotypic  protection  after  vaccination. 

Mice  actively  Immunized  with  E33  were  protected  against 
lethal  Intracerebral  challenge  with  YF:  16/20  E33-1mmune 
mice  survived  vs.  6/33  control  oval bumi n- Immune  mice 

(p<0.001). 


CONCLUSION 


Cumulative  results  from  our  laboratory  and  from  those 
of  our  collaborators  Indicate  that  the  Immune  response  to 
the  flavivirus  nonstructural  protein  NSl  is  protective, 
thereby  providing  an  alternative  to  direct  viral  neutraliza¬ 
tion  In  the  defense  against  these  viruses.  That  the  Immune 
enhancement  phenomenon  should  not  be  an  Issue  with  antl-NSl 
antibody  further  emphasizes  the  potential  value  of  dengue 
vaccines  Incorporating  this  protein.  Cumulative  data  from 
monoclonal  antibody  screening  of  peptide  fragments  of  yellow 
fever  and  dengue  NSl,  as  well  as  overlapping  hexapeptides  of 
this  protein,  have.  In  our  hands,  failed  to  provide  evidence 
that  protective  NSl  epitopes  are  expressed  as  continuous 
determinants.  To  the  contrary.  It  seems  highly  probable 
that  NSl  recognition  by  protective  antibody  Is  conformation- 
ally  dependent.  Failure  of  a  number  of  flavivirus  E  and  NSl 
recombinants,  with  anticipated  conformational  variance,  to 
provide  evidence  of  a  protective  Immune  response  is  consis¬ 
tent  with  this  belief. 

Further  efforts  In  our  laboratory  will  focus  on  the 
mechanisms  of  antibody  recognition  of  plasma  membrane  NSl 
and  resulting  complement  activation.  In  preliminary 
experiments  we  have  found  that  selected  nonprotecti ve  YF 
monoclonal  antibodies  can  substantially  Interfere  with  or 
entirely  abrogate  the  cytolytic  capacity  of  protective 
antl-NSl  antibodies.  Since  the  Interfering  antibodies  do 
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not  compete  with  binding  by  the  cytolytic  antibodies,  the 
mechanisms  of  Interference  Is  unclear.  One  possibility  Is 
that  they  modulate  plasma  membrane  NSl  expression  In  a  man¬ 
ner  similar  to  that  described  for  measles  virus  (18). 

Should  this  be  true,  then  appearance  of  such  antibody  could 
be  undesirable,  leading  to  loss  of  Immune  recognition  of 
flavivirus-infected  cells  and  persistence  of  Infection. 

This  possibility  will  be  tested  In  passive  Immunization 
experiments.  Abrogation  of  protection  conferred  by  cytoly¬ 
tic  monoclonal  antl-NSl  antibody  In  mice  concurrently  Im¬ 
munized  with  "Interfering"  monoclonal  antl-NSl  antibody 
would  have  obvious  Implications  for  the  design  of  NSl 
Immunogens.  The  Importance  of  complement  activation  In  the 
protective  response  will  be  further  explored  by  comparing 
the  protective  capacities  of  univalent  (Fab,  Fab/c),  biva¬ 
lent  (Fabp)*  and  Intact  IgG  NSl  Mab  In  the  TF  NSl  mouse 
model  .  ^ 

In  parallel  experiments  we  will  attempt  to  select  YF 
mutants  resistant  to  the  effect  of  complement-mediated 
cytolytic  antibody.  Cloning  and  sequencing  of  such  variants 
(In  collaboration  with  Dr.  Robert  Putnak)  should  provide 
Important  Information  about  NSl  epitopes  Involved  In  Immune 
cytolysis.  In  essence,  sequencing  of  such  variants  may 
enable  us  to  Identify  elements  of  a  conf ormatl onal ly  deter¬ 
mined  protective  NSl  region  which  could  not  be  mapped  by  the 
fagmentatlon  of  "overlapping  peptide"  appraoches.  It  Is 
anticipated  that  such  variants  would  be  lethal  to  mice 
passively  Immunized  with  Mab  which  would  otherwise  protect 
against  the  parent  strain  of  virus. 

Enough  chromatographi cal ly  purified  DEN  2  NSl  has  now 
been  accumulated  to  permit  evaluation  of  Its  protective 
capacity  In  rhesus  monkeys  and  this  Is  currently  being 
planned  with  Dr.  Bruce  Innis  (AFRIMS).  This  experiment  had 
been  delayed  In  the  hope  that  authentic  and  recombinant  NSl 
could  be  tested  simultaneously;  failure  of  the  MIcroGeneSys 
material  to  Induce  a  satisfactory  Immune  response  In  rabbits 
has  ruled  this  material  out. 
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Table  1.  Character! sti cs  of  anti-NSl  monoclonal  antibodies 


Clone 

Immunizing 
DEN  Strain 

ig 

DEN  2 

ELISA 
vs  DEN 

titer  (-log,«) 

2  (N6C)  NSl^ 

Protection 

*16-25/3 

080-100 

G1 

< 

2 

- 

*20-1/1 

H 

61 

< 

2 

- 

*27-12/4 

II 

61 

5.8 

+ 

*34-23 

II 

61 

4.8 

- 

*40-21/9 

II 

62b 

5.6 

- 

*47-10/10 

II 

62a 

2.7 

- 

*63-15 

II 

61 

5.6 

+ 

*68-5/16 

II 

61 

5.3 

+ 

*101-47 

II 

61 

2.3 

- 

**6A8 

N6C 

M 

NO 

+ 

**9A9 

II 

61 

> 

5.0 

- 

**4011 

M 

61 

3.7 

- 

+D7-4E9 

11 

61 

> 

5.0 

- 

Cl  one 

Immunizing 

YF  Strain 

Ig 

170YF 

ELISA 

vs 

titer  (-log,«) 
170  YF 

Protection 

#863 

Porterf  iel  d 

61 

> 

7.0 

+ 

#925 

II 

61 

5.0 

+ 

#871 

11 

62a 

6.0 

+ 

#979 

11 

62a 

3.0 

+ 

#999 

II 

62a 

6.0 

+ 

#993 

H 

62a 

6.0 

+ 

#917 

H 

62a 

6.0 

+ 

#992 

II 

62a 

5.0 

+ 

#423 

II 

62a 

6.0 

+ 

#492 

II 

62a 

< 

2.0 

+ 

#428 

II 

62a 

5.0 

+ 

#924 

II 

M 

< 

2.0 

+ 

*1A5 

Connaught 

62a 

> 

7.0 

+ 

*864 

II 

62b 

6.0 

+ 

*4E3 

II 

61 

> 

7.0 

- 

*262 

II 

63 

NO 

- 

*2010 

II 

61 

6.0 

— 

*  EA  Henchal  +  WRAIR 

#  EA 

Gould  ** 

Rochester 
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Table  2.  Competitive  Binding  Assay 
Unlabeled  competitor 


anti 

-YF  NSl  monoclonal 

Isotype 

Blotl nyl ated 

anti 

-YF 

antibody 

IgG 

NSl  monoclonal 

antibody 

1A5 

8G4  423 

871 

1A5 

2a 

+ 

+ 

+ 

8G4 

2b 

+ 

+ 

+ 

+ 

423 

2a 

- 

+  /- 

+ 

+ 

Protective , 

871 

2a 

+ 

+ 

+ 

+ 

cytolytic 

992 

2a 

- 

- 

- 

- 

999 

2a 

- 

- 

- 

- 

979 

2a 

- 

- 

- 

- 

917 

2a 

— 

— 

+ 

— 

Protective , 

428 

2a 

not  cytolytic 

925 

1 

• 

— 

— 

— 

2D10 

1 

4E3 

1 

+ 

+ 

+ 

+ 

Not  protective 

2G2 

3 

+ 

+ 

+ 

+ 

not  cytolytic 

863 

1 

- 

- 

- 

- 

492 

2a 

■ 

■ 

®  competition 

+  =  >75%;  +/-  =  25- 

50%;  -  = 

<1% 
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Table  3.  Complement  fixing  activity  among  sera  from  rabbits 
hyperimmuni zed  with  authentic,  recombinant  (Mi croGeneSys ) , 
or  reduced/alkylated  DEN  2  NSl 


CF  titers  against  DEN  serotype 


Rabbit  DEN  2  NSl 

1 

2 

3 

4 

Ml 

1 

Authenti  c 

128 

1,024 

256 

64 

64 

2 

Authentic 

512 

16,384 

2,048 

128 

32 

3 

Recombi nant 

16 

16 

16 

16 

16 

4 

Recombinant 

8 

8 

8 

8 

16 

5 

Reduced/al kyl ated 

32 

64 

16 

8 

16 

®  normal  mouse  brain  control 
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Table  4.  Complement-mediated  cytolytic  activity  among 
rhesus  monkeys  immunized  with  recombinant  DEN  4  protein 


Day  post-primary  immunization 
i  specific  — Cr  release* 


Immunogen 

Mk# 

Day:0 

28 

35 

Control  SF9 

058D 

0 

0 

0 

243 

0 

0 

2 

3730 

2 

12 

3 

NSl 

003D 

0 

0 

12 

308 

0 

6 

20 

4GV 

4 

1 

17 

C— >NS1 

190D 

0 

6 

11 

200D 

3 

2 

18 

819C 

0 

8 

29 

E 

070D 

0 

0 

0 

410 

3 

4 

4 

927C 

0 

0 

0 

®  All  sera  (@1/50)  assayed  at  same  time  in  quadruplicate. 
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Table  5.  Complement-mediated  lysis  of  17D  YF-infected  SW13 

or  Neuro  2a  cells 


Rabbit  anti- 

YF  NSl 

YF  E 

SW13 

Neuro  2a 


51 

%  specific  Cr  release  from  17D 
i nfected : 

SW13  Neuro  2a 

54  16 

2  2 

34 


72 
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Table  6.  Binding  of  radi o1 odi nated  monoclonal  antl-YF  NSl 
or  E  antibodies  to  YF-infected  SW13  or  Neuro  2a  cells 


$W13  Neuro  2a 


37°C 

4°C 

37°C 

o 

o 

*®1A5±PC5 

2220i214  ^ 

592^106 

2108i:468 

979±203 

*lA5tlA5 

270±128 

90±42 

121t45 

85111 

*2E10J:PC5 

2100t254 

404i:122 

365190 

203190 

*2E10i2E10 

256±78 

77±30 

96136 

98137 

®  *Radi oi odi nated  Mab 
^  cpm  boundisd;  quadruplicate  samples 
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Table  7.  Growth  of  17D  YF  in  tissue  culture  In  the  presence 

of  antibody  and  complement 


Cell 

.typ.e 

Anti  body 

Complement 

N2a 

SW13 

PCS 

_a 

6. 3*^ 

7.0 

+ 

6.2 

7.1 

1A5 

- 

6.4 

7.0 

+ 

4. 1 

5.3 

NRS 

- 

6.2 

7.1 

+ 

6.1 

7.1 

antl-YF  NSl 

- 

6.3 

7.  ? 

+ 

5.2 

6.3 

®  Complement  (*)  =  heat  Inactivated,  (+)  =  active 
^  Loqjq  PFU/ml  culture  supernatant  titered  In  Vero  cells 
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Table  8.  Neutralizing  antibody  titers  in  rabbits 
immunized  with  17D  YF  virion  or  E  p33 


Rabbit  immunized  with: 

PRNT 

E  p33^ 

17D  YF 

#1 

256 

2 

64 

3 

128 

4 

512 

17D  virion*’ 

#1 

1,024 

2 

2,048 

®  ca  25ug  x  3 

*’  10^  PFU  I.V. 

DEN  2 
64 
64 
32 
256 

32 

32 
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MTB  >  PLOT  Cl  C2 


Figure  1.  Lytic  versus  protective  capacities  among  anti-YF 
NSl  Mab.  Mab  (Table  1)  were  ordered  by  protective  capacity 
as  determined  by  reported  (Ref.  Ir4)  survival  in 
intracerebral  mouse  pro tection^jLests  and  cytolytic  activity 
measured  by  per  cent  specific  Cr  release  from  17D  YF- 
infected  mouse  neuroblastoma  cells  (Neuro  2a). 
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MTB  >  plot  cl  c3 
%SURVIVE- 

75+  * 

I  « 

50+  *  9R 

25+  ♦ZOi 

-  *^irs 

-  *  XDIO 
0+ 

+ - + 

-0  16 


* 

*HZS 


*999 

»991 


*  9(^4 


*f9S 


-+ - + - + - + - %Cr  Rel 

32  48  64  80 


Figure  2 
NSl  Hab. 
infected 


Lytic  versus  protective  capacities  among  anti-YF 
As  in  Figure  1,  but  %  lysis  determined  in  17D  YF- 
human  adenocarcinoma  cells  { SW  13). 
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Figure  3.  Competitive  binding  between  rabbit  sera  against 
authentic  or  recombinant  YP  NSl  and  biotinylated  anti-NSl 
Hab  IAS  or  8G4.  Preimmune  rabbit  serum  served  as  a  control 
Biotinylated  1A5  vs:  Rab  auth  NSl,  #  ;  Rab  oC  recom  NS1,0 

preimmune  serum,  Q  . 

Biotinylated  SG4  vs:  Rab  auth  NSl,  A  ;  Rab  o<  recom  NSl,^^ 
preimmune  serum,  A  . 


Figure  4.  Relative  binding  avidities  to  authentic  17D  NS  1 
of  rabbit  anti-auth  NSl  (  O  )  and  consecutive  bleeds  from  a 
rabbit  immunized  with  recombinant  17D  yp  NSl  (  >^  ,  Q  ,  A  )  . 
Pre-immune  rabbit  serum  (  #  )  served  as  a  control. 
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Figure  6.  Fractionation  and  immunoassay  of  tryptic  peptides 
derived  from  dithiothreitol-reduced  DEN  2  NSl  (46  Kd).  Ca 
100  ug  HPLC-puri f ied  NSl  in  50  mM  ammonium  bicarbonate  pH 
8.0  was  digested  with  HPLC - pur if ied  trypsin  (protein:  enzyme 
50:1)  for  2  hours  at  37°C  and  loaded  onto  a  Vydac  C18  column 
followed  by  separation  with  a  0-100%  buffer  B  gradient.  1 
ml/min  and  absorbance  at  314  nm .  Individual  peptide  peaks 
were  lyophilized  using  a  Savant  Speed-Vac  drier,  reconsti¬ 
tuted  in  phosphate  buffered  saline  containing  0.1%  Triton-X 
and  tesetd  by  ELISA  for  reactivity  (+)  with  "protective" 
anti-DEN  NSl  Mab  65A8  or  nonprotecti ve  Mab  9A9 . 


-25- 


A 


B 


1  2  12 
R  NR  R  NR 


Figure  7.  Acetylation  of  DEN  2  NSl  by  1 odacetamide . 
Panel  A.  Silver  stain,  11%  SDS  polyacrylamide  gel. 

Di thi othrei tol -reduced  (lane  1,  "R")  or  unreduced  (lane  2, 
"NR")  NSl  treated  with  iodoacetamide.  Panel  B.  Radio¬ 
autogram  of  Panel  A.  Alkylation  occurred  only  after 
reduction  of  NSl. 
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Figure  8.  Antibody  response  (ELISA)  against  authentic  (a) 
DEN  2  NSl  among  rabbits  immunized  with  aDen  2  NSl, 
recombinant  (r)  DEN  2  NSl  or  reduced  and  alkylated  (R/A) 
aNSl.  Arrows  Indicate  combined  intradermal  and  subcutaneous 
injections  of  NSl  in  complete  Freund's  adjuvant  (prime)  or 
incomplete  Freund's  adjuvant  (boost),  ca  25  ug  prime;  ca  10 
ug  booster  doses  were  used. 
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Figure  10.  Western  blot  against  authentic  DEN  2  NSl. 

Rabbit  sera  drawn  at  3,6,  and  8  weeks  followina  Immunization 
with  authentic  (a),  reduced  and  alkylated  (R/A),  or 
recombinant  (r)  DEN  2  NSl  (see  Figs.  8  and  9).  Prelmmune 
serum  (NRS)  and  antl-NSl  Mab  9A9  were  controls. 
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ANTTlfiEW: 


Figure  11.  Antibody  responses  against  recombinant  (r)  DEN  2 
NSl  as  in  Fig.  10.  Note  failure  of  anti-aNSl  Mab  9A9  to 
react  with  rNSl. 
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Figure  12.  Cytolytic  activity  of  serial  dilutions  of 
protective  anti-NSl  Mab  1A5  in  the  presence  of  myeloma 
protein  PCS  (0)  or  nonprotecti ve,  nonlytic  anti-NSl 
Mab  2010  (  ♦  ). 


A  1A5  +  C’ 
A  1A5  +  AC’ 
•  PC5  +  C’ 
O  PCS  ♦AC’ 


HOUR  POST  INFECTION 


Figure  13.  Effect  of  antibodies  on  infection  of  neuro¬ 
blastoma  cells.  Neuro  2a  cell  monolayers  grown  in  22  mm 
plastic  Costar  cluster  plates  were  infected  with  17D  YF  at 
37°C.  After  incubation  for  60  minutes,  residual  virus  was 
removed  by  multiple  washes  and  the  media  replaced  with 
MEM-10%  FCS  containino  anti-NSl  monoclonal  antibody  1A5  at 
final  dilution  of  10“  and  active  {  A  )  or  heat- i nacti vated 
(  A  )  rabbit  complement  added  to  a  final  dilutioi.  of  1/20. 
Myeloma  protein  PC-5,  added  with  (  •  )  and  without  (  O  ) 
active  complement,  served  as  a  control.  At  24  hour  inter¬ 
vals,  supernatant  media  was  sampled  for  infectious  virus  in 
a  Vero  cell  plaque  assay  and  active  or  heat- i nacti vated 
complement  was  replenished  in  remaining  wells  to  a  final 
dilution  of  1/20. 


